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(54) CTitle of Invention) Screen of the Transmission Type 
(57) (Summary) 
(Task) 

To obtain bright projection images at high efficiency of light 
utilization. 

(Means for Solution) 

A hologram is provided for the conversion of a projection beam 
having an expanded angle against the optical axis 2 in the direction 
of the normal line of the screen. This hologram 1 has either no or 
little wave-length selectivity having a property in the radius direc- 
tion. It diffracts any wave-length of the projection beam with one 



2 



diffraction lattice, with said diffraction being carried out at dif- 
ferent diffraction angles, depending upon the wave-length involved. 
Even without using such a diffusion plate as the diffusion film, etc., 
therefore, the projection beam having an expanded angle as compared 
with the optical axis 2 can be converted in the direction of the 
normal line of the screen satisfactorily without any loss, thereby 
making it possible for a bright and clear projection image to be 
obtained at a high rate of use efficiency. 

(Insert the drawing on p. (1).) 

(Scope of Claims for Patent) 

(Claim 1) 

A screen of the transmission type which is characterized in that 
there is provided a hologram for the conversion of the projection 
beam having an expanding angle into the direction of the normal line - 
of the screen. 

(Claim 2) 

A screen of the transmission type as described in Claim 1, 
characterized in that the said hologram has no or little wave-length 
selectivity having a different property in the radius direction. 

(Claim 3) 

A screen of the transmission type as described in Claim 1, 
characterized in that the said hologram has a structure in which 
three kinds of holograms having-' different properties in the radius 
direction and possessing the wave-length iselectivity for each of 
the wave-length components of red, green and blue, are overlapped. 

(Claim 4) 

The said hologram has a structure in which the first hologram 
with either no or little wave-length selectivity having different 
properties in the vertical direction only in the direction from 
the center to the short side and the second hologram with either 
no or little wave-length selectivity having different property only 
in the horizontal direction in the direction from the said center 
to the long side are overlapped, one on top of the other, in a screen 
of the transmission type as described in Claim-1. 
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(Claim 5) 

A screen of the transmission iype as described in Claim 1, 
characterized in that same comprises a first hologram group that is 
obtained by overlapping three kinds of holograms having dif- 
ferent property only in the vertical direction in the direction 
between thecenter and the short side and possessing wave- 
length selectivity for each of the wave-length components of 
red^ green and blue and a second hologram group that is obtained 
by overlapping three kinds of holograms possessing different 
property only in the horizontal direction in the direction 
between the said center and the long side and having wave- 
length selectivity for each wave-length component of red, green 
and blue, one superimposed on top of the other. 

(Claim 6) 

A screen of the transmission type as described in Claim 
1, characterized in that the said hologram has a different 
property as an over-all trend in the radius direction, converts 
the said projection beam into the direction of the normal line 
of the screen and has the properties of one-point condensing 
or linear condensing as a fine area. 
(Claim 7) 

A screen of the transmission type which is characterized 
in that it comprises an optical element for the conversion of 
a projection beam having an expanding angle into parallel 
beams and a hologram for the spectral condensing of the beam 
that has entered at the incident angle in a certain fixed 
direction as it is emitted from this optical element in the 
direction of the normal line of the screen, 

(Claim 8) 

A screen of the transmission type as described in Claim 
7, characterized in that .the said optical element is either 
a fresnel lens or a combination of a fresnel lens and a linear 
prism lens. 




(Detailed Explanation of the Invention) 
(0001) 

(Technical Field to Which the Invention Belongs) 
This invention relates to the screen of the transmis- 
sion type. 

(0002) 

(Technology According to Prior Art) 

The screens on which images are projected by a projec- 
tion lens include the screen of the reflection type whereby 
a projected image is observed from the side of the projec- 
tion lens and the screen of the transmission type whereby 
a projected image is observed from the side which is oppo- 
site to the projection lens. 

Here, the screen of the transmission type will be exp- 
lained. This screen of the transmission type ordinarily 
consists of such a diffusion plate as a diffusion film, 
etc. and a projected beam having an expanding angle is 
caused to enter into this diffusion plate from the projec- 
tion lens, with the beam that has been entered being 
diffused by a diffusion plate for outp^it, 

(0003) 

(Problem to be Solved by the Invention) 

In the case of such a screen of the transmission type, 
however, dif fusibility comes down when the transmission 
rate of the diffusion plate rises and, on ttie other hand, 
the rate of transmission comes down when the diffusibi- 
lity rises, with a result that there is a loss of light, 
thereby making it impossible to obtain a clear projection 
image. 

The task of this invention, therefore, lies in the 
acquistion of a clear projection image with the use effi- 
ciency of light on a high level. 



(0004) 

(Means for Solving the Problem) 

Inasmuch as the invention described in Claim 1 is 
equipped with a hologram for the conversion of a projec- 
tion beam having an expanding angle into the direction 
of the normal line of the screen, the projection beam 
having an expanding angle can be converted in the direc- 
tion of the normal line of the screen satisfactorily with- 
out any loss, with a result that the use efficiency of 
light is high and that a clear projection image can thus 
be obtained. 
(0005) 

If the hologram has no or little wave-length selec- 
tivity having different characteristics in the radius 
direction, the projection beam can be separated for 
each wave-length component as is described in Claim 2. 

If the hologram has a structure in which three kinds 
of holograms having wave-length selectivity for each of 
the wave-length components of red, green and blue are 
overlapped, the projection beam having an expanding 
angle can be separated for each wave-length component 
to be emitted in the direction of the normal line of the 

screen. 

(0006) 

If the hologram has a structure having a first 
hologram having no or little wave-length selectivity 
having different property only in the vertical direction 
in the direction from the center tCs the short side and a 
second hologram having either no or little wave-length 
selectivity possesing different property in the horizontal 
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direction in the direction from the center to the long 
side, one super i^aposed on top of the other, as is desc- 
ribed in Claim 4 or if the hologram has a structure posses- 
sing a first hologram group wherein three kinds of holo- 
grams having wave-length selectivity for each wave-length 
component of red, green and blue and possessing different 
property only in the vertical direction in the direction 
from the center to the short side and ^ second with three 
holograms having wave-length selectivity for each of the 
wave-length components of red, green and blue and having 
different property only in the horizontal direction in 
the direction from the center to the long side^ one super- 
imposed on top of the other, as is described in Claim 5, 
it becomes possible to co±or-separate the projection 
beam having an expanding angle for each wave-length 
component, followed by conversion in the horizontal 
direction and the vertical direction for output. 



If the hologram is such as will possess a different 
property as an over-all trend in the radius direction 
and converts the projection beam in the direction of 
the normal line of the screen and possess the characteris- 
tics of one-point condensing or linear condensing as a 
fine area as is described in Claim 6, moreover, it becomes 
possible to separate the light into various wave-length 
components as an over-all trend and condense the beams 
as a result of color separation as in the case of a 
micro-lens in a fine area. 



As the invention described in Claim 7 comprises an 
optical element for the conversion of the projectidn light 



(0007) 



(0008) 



having an expanding angle into parallel beams and a holo- 
gram for the spectral condensing of the beam that has 
been emitted from this optical element and made incident 
at an incident angle in a certain direction in the direc- 
tion of the normal line of the screen, it becomes possi- 
ble to convert the projection beam having an expanding 
angle by the optical element into parallel beams to be 
made incident to the hologram and, moreover, spectrally 
condense the beam that has been entered by the hologram 
into the direction of the normal line of the screen with- 
out any loss, with a consequence that a clear projection 
image in which the use efficiency of light is high can 
be obtained. 
(0009) 

If, in this case, the optical element happens to 
be a fresnel lens as is described in Claim 8, the pro- 
jection beam having an ecpanding angle can be made to 
enter the hologram approximately perpendicularly. 

If, on the other hand, the optical element happens 
to be a combination of a fresnel lens and a linear 
prism lens, the projection beam can be converted in a 
direction which is approximately vertical to the holo- 
gram by the fresnel lens, with the said converted beam be- 
ii^ caused to be incident to the hologram at an angle 
of incidence in a certain direction by the linear prism 
lens and the incident light being converted into 

the direction of the normal line of the screen by the 
hologram, 

(0010) 

(Forms of the Application of the Invention) 
(first Form of Application) 




The first example of a screen of the transmission type 
accoramg to this invention will be explained below by refer 
ring to Figures 1 through 4. Figure 1 is an oblique view 
of the screen of the transmission type and Figure 2 is a 
cross section cut along line A-A in Figure 1. The screen 
of the transmission type comprises a hologram 1, where a 
projection beam that has been projected by a projection 
lens system etc, enters with an expanding angle against 
the optical axis 2. 

This hologram 1 has either no or little wave-length 
selectivity having different property in the radius direc- 
tion; it is constructed in such a way that diffraction 
is carried out at different diffraction angles in confor- 
mity with the wave-lengths, with the projection beam 
having an expanding angle being converted into a direction 
of the normal line of the screen for emitting. 

For example, said hologram 1 is formed in such a 
way that the diffraction lattice is formed concentrically 
with the center of the hologram 1 or the position of 
the optical axis 2 as the center, with one diffraction 
lattice cotor-separating the projection beam into the 
wave-length components of red, green and blue as is shown 
in Figure 3 to be outptitted in the direction of the normal 
line of the screen. 

According to the principle chart shown in Figxire 3, 
it is exited toward the side of the center as compared 
with the direction of the normal line. However, it is 
actually ejected in the direction of the normal line of 
the screen. 

(0011) 

In other wor ds, the relation between the incident 
angle to this hologram and the hologram 1 satisfies the 



• 



following requirements when the incident angle against 
the normal line 3 of the screen (hologram 1) is expressed 
by (theta) , and, among the exit angles of the beams 
from the hologram 1, the exit angle of the light of the 
red wave-length component is expressed by (psi)R, ::the 
exit angle of the beam of the green wave-length compo- 
nent is expressed by (psi)G, the exit angle of the beam 
of the blue wave-length component is expressed by (psi)B, 
the wave-lengths of red, green and blue are expressed 
by (lambda) R, (lambda) G and (lambda) B respectively and 

the pitch of the diffraction lattice of the hologram 1 
is expressed by d: 

(Insert (1), (2) and (3) at the top in the right- 
hand column on p. (3).) 

In addition, the features of this hologram 1 are 
such that, as the distance s in the radius direction be- 
comes longer from the center of the hologram 1 (the posi- 
tion of the optical axis 2) , the pitch d of the diffrac- 
tion lattice becomes gradually smaller. 

Accordingly, therefore, the light that has entered 
at an angle of incidence (theta) are color-separated 
into the various wave-length components of red, green 
and blue and the beams (lambda) R, (lambda) G and (lambda) B 
of the various wave-length components which have neen 
color-separated are exited in the direction approximate- 
ly of the normal line of the hologram 1 at the different 
exit angles of (psi)R, (psi)G and (psi)B in this holog- 
ram !• 

According to this hologram 1, moreover, the exit 
angles (psi)R, (psi)G and (psi)B of the beams of the 
various wave-length components become larger on the 
outer peripheral side where the angle of incidence 
(theta) is large and, on the other hand, the exit angles 
(psi)R, (psi)G and (psi)B of the beams of various wave- 
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length components become smaller in the vicinity of the 
optical. axis 2 where the angle of incidence is small. 
(0012) 

When a projection light having an expanding angle 
enters the hologram 1 according to the screen of the 
transmission type, the projection light is color- 
separated into the various wave-length components of 
red, green and blue as is shown in Figure 3 and, at the 
same time, the beams of the various wave-length compo- 
nents that have been color-separated are exited approxi- 
mately in the direction of the normal line of the screen 
(hologram 1) . 

At this time, since it is so arranged that the 
pitch d of the diffraction lattice may become smaller 
gradually along with an increase in the distance g in 
the radius direction from the center of the hologram 1 
(the optical axis 2), the exit angles (psi)R^ (psi)G 
and {psi)B of the beams of various wave-length components 
become larger on the side of the outer periphery where 
the angle of incidence (theta) is large and, on the 
other hand, the exit angles (psi)R, (psi)G and (psi)B 
of the beams of various wave-length components become 
smaller in the vicinity of the optical axis where the 
angle of incidence (theta) is small. 

As a result of what has been described above, the 
beams of various wave-length, components are exited appro- 
ximately in the direction of the normal line of the 
screen (hologram 1). Therefore, the projection beams 
having an expanding angle can be converited into the 
direction of the normal line of the screen in a satisfac- 
tory manner for exit without any loss by the hologram 1. 



As a consequence of what has been described above, it 
becomes possible to acquire a clear projection image with 
a high rate of light utilization. 
(0013) 

In the first example described above, a hologram 1 
possessing either no or little wave-length selectivity 
having different properties in the radius direction was 
used. However, it is not limited to this. For example, 
its structure may be such that three kinds of holograms 
having the wave-length selectivity for each of the 
wave-length components of red, green and blue with the 
hologram having different properties in the radius 
direction may be overlapped. 

In such a case, the projection light can be color- 
separated for each of the wave-length components of 
red, green and blue by the holograms that diffract in 
conformity with the wave-length components to be exited 
in the direction of the normal line of the screen. In 
this manner, too, exiting can be effected without a loss 
of the projection light and a clear projection image can 
be obtained at a high level of light utilization. 

(0014) 

Even though one diffraction lattice of the hologram 
1 is formed circular in the first example that has been 
described above, it is not limited to this alone. It 
is possible to use a hologram having a structure in which 
one diffraction lattice is formed in the form of a zigzag 
circle and same is arranged arid formed concentrically, 
thereby converting the said projection light into the 
direction of the normal line of the screen, with diffe- 
rent properties as an over-all trend in the radius direction 
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and possessing the properties of the one-point conden- 
sing or linear condensing as the fine area. The pitch d 
of the diffraction lattice of this hologram is set in 
such a fashion that, as in the case of the first example, 
it may become smaller gradually in conformity with an 
increase in the distance to the radius direction from 
the center (optical axis) . 

The properties of such a hologram assume a mild 
curve as a whole from the left top to the right bottom 
as is shown in Figure 5. This curve has a ^ property of 
assuming a zigzag form. 

Even by employing such a hologram, the projection 
light having an expanding angle can be color-separated 
into the various wave-length components as an over-all 
trend and the color-separated light can be condensed 
as in the case of a micro-lens in a fine area which is 
in a zigzag form. Because of this, it becomes possible 
to eject the projection beam toward the direction of 
the normal line of the screen without a loss, thereby 
making it possible to obtain a clear projection image 
at a high level of light utilization. 

C0Q15) 

(Second Example) 

Next, the second form of application of the trans- 
mission type screen according to this invention will 
be explained below by referring to Figiares 6 and 7. 
This screen of the transmission type comprises a holo- 
gram 10 having a structure in which the first hologram 
11 and the second hologram 12 are overlapped with each 
other. The projection light that has been projected by 
a projection lens system enters the hologram 10 in an 
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expanding angle. 
(0016) 

The first hologram 11 has either no or little wave- 
length selectivity having a different property only in 
the vertical direction in the direction (up and down 
direction) from its center (optical axis 3) to the short 
side. In other words, this first hologram 11 diffracts 
all wave-lengths of the projection beams with one 
diffraction lattice and, at the same time, diffracts 
at different diffraction angles in conformity with the 
wave-lengths. 

Different from the first example^ it has a struc- 
ture in which the diffraction lattice extends in the 
horizontal direction along the long side, is arranged 
and formed in the up and down direction at a prescribed 
pitch d and converts the beams that expand in the verti- 
cal direction among those projection beams that have 
entered with an expanding angle into a horizontal 
direction (the direction of the normal line 14) . 

For example, this first hologram 11 is set up in 
such a fashion that color-separation can be effected 
into the various wave-length components of red, green 
and blue with one diffraction lattice and the pitch d of 
the diffraction lattice may become smaller in a gradual 
manner in conformity with an increase in the distance 
frdra-^the -optical: axis: in the up and down direction. 
Because of what has been described above, the exit 
angles (psi)R, (psi)G and (psi)B of the various wave- 
length components become smaller in the vicinity of 
the optical axis 13 where the angle of incidence ttheta) 
is small and the exit angles (psi)R, (psi)G and (psi)B of 



the beams of various wave-lengths may become larger on 
the side, of the up and down side where the angle of inci- 
dence (theta) is large. 
(0017) 

In addition, the second hologram 12 has either no 
or little wave-length selectivity having different pro- 
perties only in the horizontal direction in the direction 
from its center (optical axis 13) to the long side (right 
and left direction). In other words, this second hologram 
12 (like the first hologram 11) , diffracts any wave- 
length of the projection beam with one diffraction lattice 
and, at the same time, effects diffraction at different 
diffraction angles in conformity with the wave-^lengths. 
Different from the first hologram 11, the diffraction 
lattice extends in the vertical direction along the 
short side, arranged in the right and left direction at 
a prescribed pitch d and converts the beam that expands 
in the horizontal direction, amongst those projection 
beams that have entered with an expanding angle, in the 
direction of the normal line. 

For example, this second hologram 12 effects color 
separation into the various wave-length components of 
red, green and blue with one diffraction lattice and, 
at the same time, is so set that the pitch d of the diff- 
raction lattice may become gradually smaller along with 
an increase in the distance from the optical axis 13 
to the right and left direction. Because of this, the 
exit angles (psi)R, (psi)G and (psi)B of the beams of 
various wave-length/ components become smaller in the 
vicinity of the optical axis 13 where the angle of incidence 



(theta) is small and the exit angles (psi)R, (psi)G and 
(psi)B of the beams of various wave-length components 
become larger on the side of the right and left sides 
where the angle of incidence (theta) is large. 
(0018) 

According to such a screen of the transmission type, 
upon the incidence of a projection beam having an expan- 
ding angle against the optical axis 13 onto the first 
hologram 11, the projection light that expands in the 
up and down direction (vertical direction) is color- 
separated into the various wave-length components of red, 
green and blue to be exited toward the direction of the 
no mal line (horizontal direction) of the screen, with 
the projection beams that expand in the horizontal direc- 
tion passing the first hologram 11 as they are. 

When the projection beam that has passed the first 
hologram 11 enters the second hologram 12, the projec- 
tion beam that expands in the right and left direction 
(horizontal direction) are color-separated into the 
various wave-length components of red, green and blue 
by the said second hologram 12, with the projection 
beams in the up and down direction (vertical direction) 
being transmitted through the second hologram 12 as they 
are. 

Accordingly, the projection beam With an expanding 
angle that has entered into the hologram 10 is color- 
separated into the various wave-length components of 
red, green and blue by the first hologram 11 and the 
second hologram 12 and is converted into the horizon- 
tal direction and the vertical direction to be exited 
in the direction of the normal line of the screen. As 
in the case of the first sample, thetefore, the projection 
beam having an expanding angle can be satisfactorily 
exited in the direction of the normal line of the screen 



without any loss. Because of this, a clear projection 
image can be obtained at a high level of light utiliza- 
tion. 

(0019) 

In the above second form of application (second example) , 
a hologram 10 having a structure in which the first holo- 
gram having ei ther no or little wave-length selectivity 
having different properties in the vertical direction 
only in the direction from the center (optical axis 13) 
to the short side and the second hologram having either 
no or little wave-length selectivity with different pro- 
perties only in the horizontal direction in- the direction 
from the center (optical axis 13) to the long side are 
superimposed one on top of the other was used. 

However, it is not limited to this alone. For 
example/ it is possible to use a hologram having a struc- 
ture in which the first hologram group where three kinds 
of holograms having wave-length selectivity for the wave- 
length components of red, green and blue and possessing 
different properties only in the vertical direction in 
the direction from the center to the short ^ide are piled and 
the second hologram group where three kinds of holog- 
rams possessing different properties only in the hori- 
zontal direction in the direction from the center to the 
long side and having the wave-length selectivity for 
each of the wave-length components of red, green and 
blue are piled are superimposed one on top of the 
other. 

Even in the manner described above ^ the projection 
light can be color-separated for each of the wave-length 
components of red, green: and blue, same is converted in 



the vertical direction and the horizontal direction and 
can be exited in the direction of the normal line of 
the screen by the first hologram group and the second holo- 
gram group, thereby making it possible for the projec- 
tion light to be exited without any loss. Therefore, it 
becomes possible to obtain a clear projection image at 
a high level of light utilization. 
(0020) 

(Third Example) 

Next, the third form of application of the screen 
of the transmission lype according to this invention 
will be explained below by referring to Figures 8 and 
9. It is mentioned in this connection that those parts 
which are the same as in the first example that is shown 
in Figures 1 through 4 are given the same codes and 
their explanations will be omitted. 

This screen of the transmission type comprises-^ 
a hologram 1 and a diffusion wrench 20 as is shown in 
Figures 8 and 9, in which the hologram 1 is arranged 
on the incident side of the projection light having an 
expanding angle against the optical axis 2, with the 
diffusion wrench 20 being arranged on the exit side. 
In this case, the hologram 1 has exactly the same struc- 
ture as in the first example. 

The diffusion wrench 20 is formed with a transparent 
resin film or a transparent resin boa r d, with a lenti- 
cular lens 21 being arranged on its exit surface in 
the horizontal direction, with the said lenticular lens 
21 serving the purpose of condensing the beams of the 
various wave-length components of red, green . and blue 
that expand in the horizontal direction. 



(0021) 

In the case of such a screen of the transmission 
type, if a projection beam having an expanding angle 
enters the hologram 1, the various wave-length components 
of red, green and blue are color-separated by the holo- 
gram 1 and the beams of the various wave-length compo- 
nents that have been color-separated are converted into 
the direction of the normal line of the screen for 
exit, the beams that have been exited enter the diffu- 
sion wrench 20 and the beam that expands in the horizon- 
tal direction amongst the beams that have been color- 
separated into the various wave-length components of 
red, green and blue by the lenticular lens 21 of this 
diffusion wrench 20 is condensed. 

Because of what has been described above, the pro- 
jection beam having an expanding angle is converted 
into the direction of the normal line of the screen as 
in the case of the first form of application, with a 
result that the projection light can be exited in the 
direction of the normal line of the screen without any 
loss whatsoever. In addition, since the beam that 
expands in ttie horizontal direction amongst those beams 
that have been exited from the hologram 1 is condensed 
by the diffusion wrench 20, it becomes possible to 
let the -projection beam have a sight range angle, there- 
by improving the sight range angle properties. 
(0022) 

In the third acample described above, a lenticular 
lens 21 was arranged and formed on the exit surface of 
the diffusion wrench 20 in the horizontal direction. 
However, it is not limited to this alone. It is also possibl 



to arrange and form the lenticular lens 21 in the ver- 
tical direction, thereby condensing the light that 
expands in the up and down direction. 

In the third example, moreover, a diffusion wrench 
20 having a lenticular lens 21 was used. However, it is 
not limited to this alone. It is also possible to use 
such a diffusion plate as a diffusion film etc. In such 
a case, since the projection light is converted into 
the direction of the normal line of the screen by the 
hologram 1, it becomes possible to use a diffusion 
plate with a high transmission rate, where the dif fusi- 
bility is controlled low. 

As a result of the above, as the rate of transmis- 
sion is high in the case where such a diffusion plate 
has been employed, the loss of light will be small even 
if a lenticular lens may be formed on its exit surface 
as in the case of the third example. 

(0023) 

In addition, the said third example was explained 
in the case where a hologram 1 having a structure 
which is exactly the same as in the first example was 
used. However, it is not limited to this alone. For 
example, a hologram having a structure in which three 
kinds of holograms having different properties in the 
radius direction and possessing wave-length selectivity 
for each of the wave-length components of red, green 
and blue are piled up, a hologram having a structure 
in which a* first hologra^x group in wKich three kinds 
of holograms having different properties only in the 
vertical direction in the direction from the center 
to the short side and possessing wave-length selecti- 
vity for each of the wave-length components of red^ green 



and blue are piled up and a second hologram 

group in which three kinds of holograms having different 
properties in the horizontal direction in the direction 
from the center to the long side and possessing wave-length 
selectivity for each of the wave-length components of 
red, green and blue are piled up, a hologram having 
the same structure as in the second example, or a holo- 
gram having different properties in the radius direc- 
tion as an over-all trend, with the ptojection beam 
being converted in the direction of the normal line of 
the screen and possessing the properties of .one-point 
condensing or linear condensing as a fine area, etc. can 
be employed. 
(0024) 

(Fourth Example) 

Next, the fourth form of application of the screen 
of the transmission type according to this invention 
will be explained by referring to Figvires 10 through 
12. As is shown in Figures 10 and 11, this transmission 
type screen comprises an optical system 30 for converting 
the projection light that has been projected from a 
projection lens system, . etc. with an expanding angle 
into parallel beams, a hologram 31 for converting the 
parallel beams that have been exited from the optical 
element 30 into the direction of the normal line of the 
screen and a diffusion plate 32 that has been pasted to 
the exit svirface of this hologram 31. 

The optical element 30 has a fresnel lens 30a 
formed on its incident surface and a linear prism lens 



30b on the exit surface, with the projection beam having 
an expanding angle being converted into a beam which is 
in parallel with the optical axis 33 by the fresnel lens 
30a. and this beam is entered into the hologram 31 at a 
certain angle (theta) of incidence by the linear prism 
lens 30b, 

In other words, this linear prism lens 30b has a 
structure in which a micro prism which is in a linear 
shape is arranged and formed in the up and down direction 
^nd a beam which is in parallel with the optical axis 
3 3 as converted by the fresnel lens 30a is exited in 
parallel in an obliquely upward direction by each micro- 
prism. 

(0025) 

The hologram 31 has either no or little wave-length 
selectivity of the diffraction efficiency; it diffracts 
any of the wave-lengths of the projection beams in 
parallel with one single diffraction lattice and, at 
the same time, diffracts at a different diffraction angle 
in conformity with the wave-length, thereby converting 
the parallel projection beams into the direction of the 
normal line of the screen (hologram 31). 

According to this hologram 31, the diffraction lat- 
tice extends in the horizontal direction and is formed 
and arranged in the up and down direction at a certain 
pitch d, thereby color-separating the projection beams 
in parallel into the three different wave-length components 
of red, green and blue with one diffraction lattice 
to be exited toward the direction of the normal line of 
the screen. 

As is shown in Figure 12, the properties of this holo- 
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gram 31 are such that it is approximately in parallel 
with the position in the direction, of the short side as 
a whole, with a zigzag state being assximed for each 
diffraction lattice. 

The diffusion plate 32 is prepared by mixing a dif- 
fusion agent with either transparent resin or glass, 
thereby diffusing the beam that has entered. Its dif fu- 
sibility is held low, its rate of transmission is set 
high for auxiliary use. 



According to the screen of the transmission type as 
described above, upon the incidence of a projection 
beam having an expanding angle into the fresnel lens 30a 
of the optical element 30, the projection beam is 
converted into a beam Which is in parallel with the 
optical axis 33 by this fresnel lens 30a and is exited 
in an obliquely upward direction by means of a linear 
prism lens 30b, and it is entered into the hologram 31 
at a certain angle (theta) of incidence and the 
parallel beam facing obliquely upward that has been 
entered is color-separated into the various wave-length 
components of red, green and blue by the hologram 31 and, 
at the same time, the beam that has been color-separated 
is converted into the direction of the normal line 
of the screen and this converted beam is diffused by 
the diffusion plate 32. 

According to the screen of the transmission type, 
a projection beam having an expanding angle is conver- 
ted into parallel beams with an optical element 30, 
this parallel beam is color-separated into the various 
wave-length components by the hologram 31 into the direction 



(0026) 
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of the normal line of the screen^ with a result that there 
is no need to raise the dif fusibility of the diffusion 
plate 32. Therefore, it becomes possible to elevate the 
transmission rate of the diffusion plate 32. Because 
of this, the loss of light can remain small as compared 
with the earlier product even when the diffusion plate 
32 is used. Thus, it becomes possible to obtain a 
clear image at a high level of light utilization and, 
as the diffusion plate is used, an improvement is made 
possible in the range-of -sight angle properties. 
(0027) 

In the fourth example described above, ^an optical 
element 30 having a fresnel lens 30a formed on the side 
of incidence and a linear prism lens 30b formed on the 
exit side was used. However, it is not limited to this. 
For example, the optical element can be constituted by 
the fresnel lens alone. In such a case, it may be so 
arranged that a beam, which is in parallel with the opti- 
cal axis 33 enters the hologram vertically or the 
hologram 31 may be tilted as compared with the optical 
axis 33. 

Moreover, a diffusion plate 32 was provided on 
the exit surface of the hologram 31 in the four example 
described above. However, there is not nenessarily 
any need to provide a diffusion plate. 

(0028) 

(Effect of the Invention) 

As has been described above, a hologram for conver- 
ting a projection beam having an expanding angle into 
the direction of the normal line of the screen has been 
provided according to the invention described in Claim 1, 



with a consequence that, even without such a diffusion 
plate as the diffusion film, etc., the . pro jectien 
beam having an expanding angle can be converted into the 
direction of the normal line of the screen in a satis- 
factory manner without a loss for exit. Because of this, 
a clear projection image is obtained at a high level 
of light utilization. according to the invention desc- 
ribed in Claim 1. 

According to the invention described in Claim 7, 
moreover, an optical element for the conversion of a 
projection beam having an expanding angle into paral- 
lel beams and a hologram for the spectral condensing 
of the beam that has entered at an angle of incidence 
in a certain direction as it is exited from this opti- 
cal element are provided, with a result that the 
projection beam having an expanding angle can be 
converted into parallel beams by the optical element 
to be made incident to the hologram. 

In addition, the beam that has entered from the 
hologram can be spectrally condensed in the direction 
of the normal line of the screen without a loss. As 
a result of this, a clear projection image can be ob- 
tained at a high level of light utilization. 
(Concise Explanation of the Drawings) 
(Figure 1) 

This is an oblique view showing the first example of 
a screen of the transmission type according to this 
invention. 

(Figure 2) 

This is a cross section cut along line A-A in Figure 

1. 

(Figure 3) 



This shows the principle governing the hologram shown 
in Figure 2. 

(Figure 4) 

This shows the characteristics of the hologram shown 
in Figure 2. 

(Figure 5) 

This shows the characteristics of the hologram having 
different properties in the radius direction as an over-all 
trend, with the projection beam being converted into the 
direc t ion of the normal line of the screen and having 
the properties of one-point condensing as a fine area. 

(Figure 6) 

This is an oblique view of the second example of a 
screen of the transmission type according to this inven- 
tion. 

(Figure 7) 

This is a cross section cut along line B-B in Figure 

5. 

(Figure 8) 

This is an oblique view of the third example of the 
screen of the transmission type according to this inven- 
tion. 

(Figure 9) 

This is an expanded cross section cut along line C-C 
in Fig\ire 8; 

(Figure 10) 

This is an oblique view showing the foxxrth example 
of the screen of the transmission type according to 
thi s in ven t ion • 

(Figure 11) 

This is an expanded cross section cut along line D-D 
in Figure 10. 
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(Figure 12) 

This shows the characteristics of the hologram. 
(Explanation of the Codes Used) 

1, 10, 31. Holograms 

2, 12, 33. Optical axes 

3, 14, 34. Normal lines of the screen 

11. Fi-st hologram 

12. Second hologram 
30. Optical element 
30a. FVesnel lens 
30b. Linear prism lens 

(Insert Figure 1 on p. (6). a. Horizontal direc- 
tion, b. Vertical direction.) 

(Insert Figure 2 on p. (7).) 

(Insert Figure 3 on p. (7). a. (Translator's Note 
Illegible). b. (Translator's Note: Illegible except) 
component. c. (Translator's Note: illegible except) 
component. d. (Translator's Note: illegible except) 
component • ) 

(Insert Figure 4 on p. (6). c. (Translator's Note: 
Unclear but look like) Hologram characteristics. d. 
Distance S in the radius direction from the center of 
the optical axis.) 

(Insert Figure 5 on p. (6). e. (Translator's Note: 
Unclear but look like) Hologram characteristics. f . 
Distance S in the radius direction from the center of 
the optical axis«) 

(Insert Figure 6 on p. (7). a. (Direction of the 
long side) Horizontal direction. b. Vertical direction 
(Direction of the short side).) 
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(Insert Figure 7 on p. (7).) 

(Insert Figure 8 on p. (7). (Direction of the 

long side) Horizontal direction. d. Vertical direction 
(Direction of the short side),) 

(Insert Figure 9 on p. (7).) 

(Insert Figure 10 on p. (7). a. Horizontal direction 
b. Vertical ... (Translator's Note; one character is ille- 
gible).) 

(Insert Figure 11 on p. (7).) 

(Insert Figure 12 on p. (7) . c. Hologram character is 
tics. d. Position of the ... (Translator's Note: four 
characters are illegible except) ... direction (at the 
center) . ) 



